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PLASTICALLY DEFORMING AND RADIALLY EXPANDING A TUBULAR 

MEMBER 
Background of the Invmtion 
This invention relates generally to wellbore casings, and in particular to 
5 wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent collapse of thebor^ole wall and to prevent undesired 
outflow of drilling fluid into ttie formation or inflow of fluid from tiie formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
10 installed in a lower borehole interval is lowered tivough a previously installed 

casing of an upper borehole interval. As a consequence of diis procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested airangeinent with casing diameters decreasing in 
downward direction. Cement annuli are provided between the outer surfaces of the 
15 casings and the borehole wall to seal the casings from the bor^ole wall. As a 
consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
mcreased costs due to heavy casing handlmg equq)ment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
20 rig time is involved due to required cement pimoping, cement hardenmg, required 
1***1* equipment changes due to large variations in hole diametm drilled in tiie course of 
the well, and the large vohmie of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing {Hocedures for forming wellbcms. 
25 Summary of ttie Invention 

According to one aspect of die mvention there is provided an apparatus for 
plastically deforming and radially «pandmg a tubular member, coiiqiristng: 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and 
30 means for plastically deforming and radially expanding a second portion of the 
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tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is frangible. 

According to anotfier aspect of the present invention there is provided an 
5 qyparatus for plastically deformnig and radially expanding a tubular member, 
conqirising: 

means for plastically defixming and radially expanding a first portion of the 
tutmlarmember to a first outside dianxter, and 

nwans for plastically defomnng and radially expanding a second portion of the 
10 tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first 
portion of tfie tubular member to the first outside diameter is elastic. 

According to another aspect of the present invention there is provided an 
CQ)paratus for forming a wellbore casing within a wellbore^ comprising: 
15 means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 

means for plastically defiirming and radially expanding a second portion of tiie 
tubular member to a second outside diamet^, 
20 wherein the means for plastically deforming and radially expanding tiie firat 
pOTtion of the tubular member to the first outside diameter is frangible. 

Accoiding to another aspect of flie present inventicm there is provided an 
apparatus for fomnng a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within tfie welUxm; 
25 means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein die means for plastically deforming and radially expanding the first 
30 portion of the tubular member to the first outside diameter is elastic. 
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The invention will now be described with reference to the acconq;)anying 
drawings, in which Figures 1 a to 4 show embodiments of the invention. The othra- 
drawings are included for illustrative purposes only. 

5 Brief Description of the Drawings 

Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member into the wellbore of Fig. la. 
10 Fig. 1 c is a cross-sectional illustration of flie injection of fluidic materials 

through the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 
sealmg materials through the apparatus of Fig* I c. 

Fig. le is a cross-sectional illustration of the pressurization of the region 
* 15 below die expansion cone of the apparatus of Fig. Id. 

Fig. If is a oross-sectional illustration of the continued pressurization of the 
region below the expansion cone of tiie apparatus of Fig. 1 e. 

Fig, Ig is a CTOSS-sectional illustration of Ae continued pressurization of (he 
region below tiie expansion cone of the apparatus of Fig. If following die removal 
20 of the over-expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the conviction of die radial 
expansion of the expandable tubular member of the qiparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of die drilling out of a new section of 
the wellbore below die apparatus of Fig. IL 
25 Fig. Ij is a ooss-sectional illustration of die radial expansion of another 

expandable tubular member that overlaps with the apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of 
* the other expandable tubular member of die apparatus of Fig. IL 
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Fig. 11 is a cross-sectional illustration of the conipletion of the secondary 
radial expansion of the other mpandable tubular member of Fig. Ik to form a mono* 
diameter wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
5 wellbore casing. 

Fig. 2b is a cross-sectional illustration of fte placement of an apparatus for 
radially expanding a tiibular meniber into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of tfie injection of fluidic materials 
through the apparatus of Fig. 2b. 
10 Fig. 2d is a cross-sectional illustration of flie injection of hardenable fluidic 

sealing materials through die apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of the i^yparatus of Fig. 2d 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
Ull* 15 region below the expansion cone of Ae apparatus of Fig. 2e. 

Fig. 2g is a cross*sectional illustration of ttie conq>letion of the radial 
expansion of ttie e3q>andable tubular member of the apparatus of Fig. 2f 

Fig. 2h is a cross-sectional illustration of (he drilling out of a new section of 
tiie wellbore below tiie qyparatus of Fig. 2g. 
20 Fig. 2i is a cross-sectional illustration of the radial eiqiansion of another 

r**I' expandable tubular member that overlaps with the apparatus of Fig. 2h. 

Fig. 2j is a oross-sectional illustratiim of the secondary radial expansion of 
the other expandable tubular member of the qiparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of flie secondary 
25 radial eTqransion of the other expandable tubular member of Fig. 2j to fimn a mono- 
diameter wellbore casing. 

Fig. 3 is a cross-secdonal illustration of the iQ)paratus of Fig. 2b illustrating 
tiie design and construction of the over-expansion ins^ 

Fig. 3a is a oross-sectional illustraticm of an alternative arrangement of the 
30 over-expansion insert of Fig. 3. 
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Fig. 4 is a cross-sectional illustration of an altemative arrangement of the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
insert 

Fig. Sa is a cross-sectional illustration of a wellbore including a preexisting 
5 wellbore casing. 

Fig. Sb is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the weUbore of Fig. 5a. 

Fig. Sc is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of tiie wellbore casing of Fig. Sb. 
1 0 Fig. Sd is a fiagmentaiy cross-sectimal illustration of the inflatim of the 

inflatable bladder of Fig. Sc. 

Fig. 5e is a cross-sectional illustration of the new section of wellbore casing 
of Fig. Sd after over-expansion. 

Fig. Sf is a cross-sectional ilhistration of the new section of wellbore casing 
IS of Fig. Se aiter drilling out a new section of the weUbore. 

Fig. Sg is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of tiie wellbore casing and an 
additional section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
20 wellbm casing. 

Fig. fib is across-sectional ilhistration of the formatiQn of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary ooss-sectional illustration of the placement of a 
roller ndial esqiansion device into fte new section of the wellbore casing of Fig. fib. 
25 Fig. fid is a cross-sectional ilhistration of the new section of wellbore casing 

of Fig. 6c after over-expansion. 

Fig. fie is a cross-sectional illustration of the new section of wellbore casing 
of Fig. fid after drilling out a new section of tiie wellbore. 
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Fig. 6f is a cross-sectional illustration of the fomudion of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additicmal section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
5 wellbore casing. 

Fig. 7b is a cross-sectional ilhistration of ttie placement of an apparatus for 
radially expanding a tubular member mto die wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illustration of die injection of fluidic materials 
fhrougli the apparatus of Fig. 7b. 
10 Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 

sealing materials through die apparatus of Fig. 7c. 

Fig. 7e is a CToss-sectional illustration of the pressurization of the region 
below die expansion cone of die ^aratus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
15 region below the expansion cone ofdieqn>^^ of Fig* 7e. 

Fig. 7g is a cross-sectional illustration of the conviction of die radial 
expansion of die expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of die drilling out of a new section of 
die wellbore below die apparatus of Fig. 7g. 
20 Fig. 7i is a cross-sectional ilhistratim of die completion of die radial 

expansion of anodier expandable tubular member to form a mono-diam^ wellbore 
casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
section of wdlbore casing having a recessed portion. 
25 Fig. 8b is a cross-sectional illustration of die placement of an qyparatus for 

radially expanding a tubular member within die wellbore of Fig. 8a. 

Fig. 8c is a CTOss-sectional illustration of the injection of fluidic materiab 
througib die apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
30 sealing material through the apparatus of Fig. 8c. 
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Fig. 8e is cross-sectional illustration of tiie isolation of the region below the 
expansion cone and within fte expansion cone laundier of ttie apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of die expandable tubular member of the apparatus of 
5 Fig.8e. 

Fig. 8g is a cross-sectional illustratim of die removal of the upper expansion 
cone from the wellbore of fig. 8£ 

Fig. 8h is a cross-sectional illustration of the continued pressurization of die 
legion below the expansion cone of the q>paratus of Fig. 8g to thereby plastically 
10 defomi and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig. 8i is a cross-sectional illustration of the conq)letion of die initial radial 
mpansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the furttier radial expansion of the 
IS apparatus of Fig. 8i m order to fbmi a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and 
« t ..^ lower preexisting wellbcMre casings Oat are sq»ated by an axial gap. 
* ^/ Fig. 9b is a at>ss-sectiondiUustration of the coupling of a tubular member t 

die opposing ends of the wellbore casings of Fig. 9a. 
*:***: 20 Fig. 9c is a fragmentary crc^s-sectional illustration of die placemmt of a 

radial expansion device into the tubular member of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of die 
radial expansion device of Fig. 9c. 

Fig. 9e is across-sectional of a mono-diameter weUbore casing generated by 
25 die actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-dian^ter wellbore casing 
diat includes a plurality of layers of radially expanded tubular members along at 
least apcntion of the its lengdi. 

Fig. 1 1 a is a cross-sectional illustration of a wellbore including a casing 
30 formed by plastically defomuQg and radially expanding a first tubular mend>er. 
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Fig. 1 lb is a cross-sectional illustration of a wellbore including another 
casing coupled to the preexisting casing by plastically deforming and radially 
eaqNuiding a second tubular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially ejqmding tiie second tubular member a second time. 

Detailed Description 

Several arrangements of methods and apparatus fw forming a mono-diameter 
wellbore casing are disclosed In several alternative anrangements, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, 
pipelines, or structural supports. Furthermore, while the present illustrative 
arrangements are described with reference to the forroati<m of mono-diameter 
wellbore casings, the teachings of the present disclosure have general application to 
ttie formation or repm of wellbore casings, pipelines, and structural siqqfxnts. 

Referring mitially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing IS. The wellbore 10 may be oriented in any orientation from tfie vertical to 
thehorizontaL The preexisting wellbore casmg IS may be coiqiled to the i9>per 
portim of tfie wellbore 10 using any number of conventi(»ial methods. In a 
preferred arrangement, flie wellbore casing 1 S is coiq>led to tfie iqiper portion of tiie 
wellbore 1 0 using one or more of fl^ meOiods and apparatus disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) US. patent application serial no. 
09/510^13, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 14>41, attomey docket no. 2S79L16.02, filed on 
2/24/2000, (8) U.S. patent appUcation serial no. 09/588,946, attorney docket no. 

8 
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25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, 
(1 1) U.S. provisional patent application serial no. 60/162,671, attorney dock^ na 
5 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent qn'lication serial no. 60/159,039, attomey 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patmt qiplication 

10 serial no. 60/159,033, attomey docketno. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. > attorney docket no. 

25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attomey docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
provisional pat»it iq>plication serial no. , attomey docket no. 

15 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

•••• 

•••• — 



• • • 



• 



attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 



provisional patent application serial no. , attmiey docket no. 

25791 .47, filed on 9/1 8/2000, the disclosures of which are incorporated herem by 
reference. More generally, die preexisting wellbore casing 15 inay be coiq>led to 

20 anoflier preexisting wellbore casing mi/oac may include one or more concentrically 
positioned tubular membm. 

Referring to Fig. lb, an qiparatos 100 fer radially expanding a tubular 
rnend)^ may then be positioned widiin die wellbore 10. The qyparatus 100 includes 
a tubular siqpport member 105 defining a passage 1 10 for conveying fluidic 

25 materials. An ^cpansion cone 115 defining a passage 120 and having an outer 

conical surfiice 125 for radially e}q>andmg tubular members is coupled to an end of 
the tubular siq^xirt member 105. An annular conical over-expansion sleeve 130 
mates with and is removably coupled to the outer conical surface 125 of the 
expansion cone 1 15. In several alternative arrangements, the over-expansicm sleeve 

30 130 is fabricated from frangible matmals such as, for exaiiq)le, coramic materials, in 
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order to facilitate the removal of the over-expansion sleeve during operation of the 
apparatus 100. In this manner, the amount of radial expansion provided by the 
apparatus may be decreased following the removal of the over-expansion sleeve 
130. 

5 An expansion cone launcter 135 is movably coupled to and siqjported by fhe 

expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an vpper portion having an iqiper outer diameter, an 
intomediate portion that mates with tiie expansion cone 115 and die ov^-expansion 
sleeve 130, an a lower portion having a lower outer diameter. The lower outer 

10 diameter is greater than the upper outer diameter. A shoe 140 defining aval veable 
passage 145 is coupled to the lower portion of tfie expansion cone launcher 135. 
The valveable passage 145 may be controUably closed in order to fluidicly isolate a 
region 1 50 below the expansion cone 1 1 5 and bounded by the lower portion of the 
expansion cone launcher 135 and the shoe 140 from the region outside of the 

15 apparatus 100. 

An expandable tubular member 1 55 is coupled to the upper portion of the 
e)q)ansion cone launcher 135. One or more sealmg members 160a and 160b are 
coupled to tfie exterior of tiie Jipper portion of the expandable tubular memb^ 1 55. 
The sealing menibers 160a and 160b may include ehistomeric elements and/or 

20 metallic elements and/or composite elements. Alternatively, one or more anchwing 
elements may substituted for, or used in addition to, tfie sealing members 160a and 
160b. 

h a pr efer red arrangement, the siqyport member 105, flie expansion cone 115, 
the eTqmnsion crnie launcher 135, the shoe 140, and the expandable tubular member 
25 1 55 are provided substantially as disclosed in one or more of the earlier mentioned 
cross-referenced i^lications, tfie disclosures of which are incorporated herein by 
reference. 

As illustrated m Fig. lb, during placement of the an)aratus 100 within the 
wellbore 10, fluidic materials 165 within die weltbore 10 are conveyed throu^ the 
30 ^yparatus 100 througih die passages 110, 120 and 145 to a location above die 
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apparatus 100. In this manner, surge pressures during placement of the apparatus 
100 within the wellbore 10 are reduced The apparatus 100 is initially positioned 
wittin the wellbore 10 such ttiat the top portion of the tiibular member 155 overlq>5 
with die preexisting casing 15. bi this manner, the upper portion of the expandable 
5 tubularmember 155 may be radially expanded mto contact with and coupled to the 
preexisting casing 15. As will be recognized by persons having ordinary skill in the 
art, the precise initial position of Ae e>q)andable tubular member 1 55 will vary as a 
function of Ae amount of radial expansion, the amount of axial shrinkage during 
radial expansion, and the material properties of flie expandable tubular member. 
10 As iUuslreted in Fig. Ic, a fluidic material 170 may then be injected through 

tiie apparatus 100 ttvough die passages 110, 120, and 145 in order to test the proper 
q>eration of diese passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then 
be injected throu^ ttie apparatus 100 through the passages 1 10, 120 and 145 into 
•* 15 the annuhis between the a|q)aratus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcho^ 135 and expandable tubular member 
155. The hardenable fluidic sealing material may include, for exanqple, a cemmt 
mixture. Alternatively, the injection of the hardenable fluidic sealing material 175 
: 20 maybe omitted. In several alternative a rr ange ments, die hardenable fluidic sealing 
: * material 175 is compressible, befm, during and/or after, die curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be 
injected into die apparatus tfarou^ die passages 110 and 120. Aballphig 185,or 
odier shnilar device, may dien be injected widi die fluidic material 1 80 to thereby 
25 seal off the passage 145. bi dus manner, the region 150 may be prrasurized by the 
continued injection of die fluidic material 180 into the apparatus 100. 

As illustrated in Fig. If, die continued injection of the fluidic material 180 
into die q^paratus 100 causes the expansion cone launcher 135 and expandable 
tubularmember 155 to be plastically deformed and radially expanded off of the 
30 over-expansion sleeve 1 30. hi this manner, the expansion cone 1 1 S and over- 
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expansion sleeve 130 are displaced relative to ihe expansion cone launcher 135 and 
expandable tubular member ISS in the axial direction. 

After a predeterauned time period and/or after a predetermined axial 
diq)lacement of the ^cpansion cone 1 IS relative to flie expansion cone laundier 13S 

5 and expandable tubular member 1SS» tfie over-expansion sleeve 130 may be 
removed from the outer conical surface 125 ofthe expansion cone 115 by the 
qiplication of a predetemxinedupwanlshodc load to the support me^ The 
shodc load causes the frangible over-expansicm sleeve 130 to fracture into small 
pieces ttiat are dien forced off of the outer conical sur&ce 125 of the expansion 

10 cone 1 15 by tfie continued pressurization of tiie region 150. The pieces of the over- 
expansion sleeve 130 are pulverized into grains of material by tiie contmued 
pressurization of the region 150. 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130» the continued pressurization of the region 150 causes ibt ^cpandable 

1 5 tubular member 1 55 to be plastically deformed and radially expanded and extruded 
off of tfie outer conical surface 125 of the expansion cone 1 15. Note ttutt the amount 
of radial expansion provided by the outer conical surftce 125 of expansion cone 1 1 5 
is less ttan tiie amount of radial expansion provided by the combination of ttie over- 
ejqwnsion sleeve 130 and the expansion cone 115. In this manner, as illustrated in 

20 Fig. Ih. a recess 185 is fornwd in the radially expanded tubular member 1S5. 

After oonq>leting the plastic deformatim and radial expensim of the tubular 
member 155, tiie hardaable fluidic sealing material is allowed to cure to thereby 
form an annular body 1 90 ttat provides a barrier to fluid flow into or out of the 
wellbore 10. 

25 Referring to Fig. li, the shoe 140 may then removed by drilling out tfie shoe 

using a conventional drilling device. A new section offhe wellbore 10 may also be 
drilled out in ord^ to permit additional expandable tubular membm to be coupled 
to ttie bottom portion of the plastically deformed and radially expanded tubular 
member 155. 
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Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred arrangement, ttie upper portion of tiie 
radially expanded tubular vaatbet 200 overlaps with and mates wifh flie recessed 
5 portion 185 of die tubular member 155. One cnr more sealing members 205 are 
coiq>led to the octeriorsurfiEiceofthe upper portion of ttie tubular ine^ The 
sealing members 205 seal fhe interfoce between tiie uiq)er portion of ttie tubular 
member 200 and the recessed portion 185 of the tubular member 155. The sealing 
members 205 may include elastomeric elements and/or metallic elements md/ot 

10 composite elen^ts. Alternatively, one or iiiore anchoring elenwntsinay substituted 
for, or used in addition to, the sealing members 205. An annular body 2 10 of a 
hardenable fluidic sealing material may also be formed around tibe tubular member 
200 using one or more conventional methods. 

In a preferred arrangement, the tubular member 200 is plastically deformed 

15 and radially expanded, and the aimular body 210 is formed using one or more of the 
apparatus and mettiods disclosed in the earlier mentioned cross-referenced 
qiplications, the disclosures of whidi are incorporated herein by reference. 

Alternatively, die annular body 210 may be omitted. In several alternative 
arrangements, fhe annular body 210 may be radially conqpressed before, during 

20 and/or afler curing. 

Refenring to Fig. 1 k, an expansion cone 215 may thn be driven in a 
downward direction by fluid pressure and/or by a sqyport member 220 to plastically 
deform and radially expand tiie tubular member 200 such that the interior diameter 
ofthe tubular mmd)ers 155 and 200 are sid>stantially^ In this manner, as 

25 illustrated m Fig. 11, a nxmo-diameter wellbore casing maybe formed 

Referrmg to Figs. 2a and 2b, in an alternative arran ge ment, an qqiaratus 300 
for radially expanding a tubular m^ber may then be petitioned within tiie wellbore 
10. The apparatus 300 includes a tubular siQ^K>rt member 30S defining a passage 
310 for conveying fluidic matmals. An expansion cone 315 defining a passage 320 

30 and having an outor conical surface 325 for radially expanding tubular members is 
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coupled to an end of the tubular support member 305. An annular conical over- 
expansion insert 330 mates with and is reimvably coiq)led to the outer conical 
surfiice 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coiipled to and supported by the 
expansion cone 31 5 and the over-expansion insert 330. The e^qmnsion cone 
launcher 335 includes an upper portion havmg an upper outer diameter, an 
intermediate portion that mates with the expansion cone 315 and the over-expansion 
insert 330, an a lower portion having a lower outer diameter. The lower outer 
diameter is greater tfian the upper outer diameter. A shoe 340 defining a valveable 
passage 345 is coiq)led to the lower portion of the expansion com launcher 335. 
The valveable passage 345 may be controUably closed in order to fluidicly isolate a 
region 350 below the expansion cone 315 and bounded by the low^ portion of Ae 
expansion cone launcher 335 and the shoe 340 fiom the region outside of the . 
qiparatus 300. 

Jn a prefenred airangement, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-q>art arcuate inserts 330a, 330b, 330c and 330d 
that are positioned between the outer conical surftce 325 of the expansion cone 315 
and the inner surfiice of the intermediate portion of the expansion cone laundier 335. 
In this manner, the relative axial di^laoement of the expansion cone 315 and tte 
eTqransion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion ofthe expansion cone launcho*. In this manner, a recess may 
be formed in fte radially expanded expansion cone launcher 335. The insols 330a, 
330b, 330c, and 330d fidl out of the recess and/or may be ranoved from the recess 
using a conventional retrieval tool iqxm the conqiletion of ttie ladial expansion 
process. 

fa an alternative anange mmt, as illustrated in Fig. 3a, die over expansion 
insert 330 furtha* include intermediate resilimt members 331a, 331b, 331c, and 
331d for resiliently coupling the nis^ 330a, 330b, 330c, and 330d. Ln tiiis manner, 
upon the conqiletion of die radial expansion process, the resilient force exerted by 
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tiie resilient members 33 1 causes the over-expansion insert to collapse in the radial 
direction and thereby fidl out of tiie recess. 

An expandable tubular member 3SS is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealmg members 360a and 360b are 
5 coupled to the exterior of die upiper portion of the expandable tubular member 3SS. 
The sealing members 360a and 360b may include elastomeric elements and/or 
metallic elements and/or con^site elements. Alternatively, one or nme anchoring 
elemoitsmay substituted for, or used in addition to, the sealing members 360a and 
360b. 

10 hi a prefmed arrangement, tiie support member 305, the expansion cone 315, 

the expansion cone launcher 335» the shoe 340, and the e}q>andable tubular member 
3SS are provided substantially as disclosed in one or more of the earlier mentioned 
cross-referenced applications, the disclosures of which are incorporated herein by 
reference. 

15 As illustrated in Fig. 2b, in a preferred arrangement, during placement of the 

apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 
are conveyed duough the apparatus 300 through the passages 310, 320 and 345 to a 
location above die qyparatus 300. In this manner, suig^ pressures during placement 
ofdieqiparatus 300 within the wellbore 10 are reduced. The apparatus 300 is 
* 20 initiallypositionedwidiintfae weUbore 108uchfimtthet(q[)por^ 

memberSSSov^lapswidiflie preexisting casing 15. In this manner, the iqipo: 
portion of fhe e3q>andable tubular member 355 may be radially e3q>anded mlo 
contact widi and coupled to die preexisting casing IS. As will be recognized by 
posons having miinary skill in flie art, die precise initial position of die expandable 
25 tubular member 355 will vary as a function of die amount of radial expansion, die 
amount of axial shrinkage durii^ radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
the apparatus 300 Uirough the passages 310, 320, and 345 in order to test the proper 
30 operation of these passages. 
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As illustrated in Fig. 2d, a hardenable fluidic sealing matoial 375 may then 
be injected through the apparatus 300 through the passages 310, 320 and 345 into 
the annulus between Ae apparatus and the weinxxre 10. Li this manner, an annular 
barrier to fluid migration into and out of the wellb(n:e 1 0 may be formed around the 
radially eiqianded expansion cone launcher 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for example, a cement 
mixture. Alternatively, the injection of the hardraable fluidic sealing material 375 
may be omitted, bi several alternative arrangements, tfie hardenable fluidic sealing 
material 375 is conqyressible, befinre, during and/or after, the curing process. 

As ilhislrated m Fig. 2e, a non-hardenable fluidic material 380 may then be 
injected into the apparatus tfarougjb the passages 310 and 320. A ball plug 385, or 
other similar device, may Aen be injected with the fluidic material 380 to thereby 
seal ofl^the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into die apparatus 300. 

As illustrated in Fig. If, the continued injection of the fluidic material 380 
into the apparatus 300 causes the expansion cone launcher 335 to be plastically 
deformed and radially expanded offoftheover^expansion insert 330. In this 
manner, die expansion cone 3 15 is di^laced relative to the e?q»8nsion cone launcher 
335 and expandable tubular member 355 in the axial direction. 

Once the radial expansi on process has progressed beyond the over-expansion 
insert 330, die radial e^qpansion of die expansion c<me launcher 335 and expandable 
tubular membn 355 is provided solely by the outer conical surfiice 325 of die 
expansion cone 315. Note that the aniountofiadiBl expansion provided by the out^ 
conical sur&ce 325 of expansim cone 315 is less than the amount of radial 
expansion irovided by die combination of the over-expansion insert 330 and die 
expansion cone 315. In this manner, as illustrated in Fig. 2g, a recess 390 is formed 
in the radially expanded tubular member 355. 

Alternatively, the over-expansion insert 330 is removed from the recess 390 
by fldling out and/or removal using a conventional retrieval tool. In one 
arrangement, die resilient force provided by die resilient members 331a, 331b, 331c 
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and 331d cause the insert 330 to coIIq)se in the radial direction and fliereby fall out 
of the recess 390. In anotiier arrangement, as illustrated in Fig. 4, one or moTB 
resilient hooks 39Sa and 395b are coupled to the bottom of tiie expansion cone 315 
for retrieving the over-expansion insert 330 during m after die completion of tfie 
radial expansion process. 

After conq>leting llie plastic defimnation and radial cxpaxmon of the tubular 
member 355, flie hanlenable fluidic sealing material is allowed to cure to tfiereby 
fomi an annular body 400 that provides a barrio: to fluid flow into or out of die 
weUborelO. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out die shoe 
using a cmvmtional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of die plastically deformed and radially expanded tubular 
member 3SS. 

Referring to Fig. 2j, a tubular member 405 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred arrangement, the upper portion of the 
radially expanded tubular member 405 overlaps with and mates widi die recessed 
portion 390 of die tubular member 355. One or more sealing members 410 may be 
coupled to d» exterior sur&ceofdie upper portion ofdie tubular member 405. The 
sealing members 4 1 0 seal die interfiice between the iq>per portion of die tubular 
meniber 405 and die recessed portion 390 of die tubular member 355. Altonatively, 
the sealing members 410 may include elastomeric elements and/or metallic elraients 
and/or composite elements. One or more anchoring elements may substituted finr, or 
used in addition to, the sealing menibers 410. In a prefe rred arrangement, an 
annular bo^ 4 1 5 of a hardenable fluidic sealing material is also fimned around the 
tubular member 405 using one or more conventional methods. 

In a prefmied arrangement, the tubular member 405 is plastically deformed 
and radially expanded, and the annular body 41 5 is formed using one or more of die 
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qyparatus and mediods disclosed in fhe earlier mentioned cross-referenced 
q>pliGations, the disclosures of^^di an incerponited herein by reference. 

Alternatively, the annular body 415 may be omitted The annular body 415 
may be radially conpressed before, during and/or afto* curing. 

Referring to Fig. 2j. an expansion cone 420 may tfan be driven in a 
downward direction by fluid pressure and/or by a sunport meniber 425 to plastically 
deform and radially expmd the tiibuha- member 405 such that die interior diameter 
of the tubular members 355 and 405 are substantially equal. In tiiis manner, as 
illustrated in Fig. 2k, a mono-diameter wellbore casing may be formed 

Referring to Figs 5a-5b, in an alternative arrangement, a tubular member 500 
having a shoe SOS may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also 
be formed aroimd the tubular member 500 using any number of conventional 
methods. In a preferred aiiaiigennent, the tubular iriember 500 is plastically 
defi»med and radially raqmded and die annular body 510 is fin^ 
more of die mediods and qyparatus disclosed in one or more of the earlier mentioned 
cross-referenced applications, ttie disclosures of wfaidi are iocorpoiated herein by 
reference. 

In several alternative arrangements, the annular body 510 maybe omitted or 
nay be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positiomd withm the tubular member 5 00 and inflated to a sufiiciat operating 
pressure to plastically deform and radially expand a portion of die tubular member 
to diereby form a recess 520 in die tubular member. 

Referring to Figs. 5e and Sf, die inflatable bladder SIS may dien be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the mediods and apparatus desoibed above in order to form a 
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mono-diameter wellbore casing. Before^ during or after the radial expansion of the 
tubular membo* 525, an annular body 530 of a fluidic sealing material may be 
formed around the tubular member in a convmtional manner ami/or by using one or 
nnore of the methods and ai^paratus described above. 

Alternatively, tiie inflatable bladder 5 15 may be coupled to tiie bottom of an 
expansion cone in ordo* to pmnit the over-expansion process to be performed 
during the radial expansion process iirq)lemented using die e3q)ansioii cone. 

Referring to Figs 6a-6b, in an alternative arrangement, a tubular member 600 
havmg a shoe 605 may be plastically deformed and radially expanded and diereby 
coi^led to the preexisting section of wellbore casing 15 using any number of 
cmventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular meniber 600 using any number of conventional 
methods. The tu^ar meniber 600 is plastically deformed and radially expanded 
and the aimular body 610 is formed using one or nxnre of the methods and an)aratus 
disclosed in one or more of the earlier mentioned cross-referenced applications, the 
disclosures of which are incorporated herein by reference. 

In several alternative arrangements, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Refeiring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
tiien be positioned widiin the tubular member 600 and operated in a conventional 
manner apply a nulial fc^ to the interior surfiice of die tubular member 600 to 
plastically deform and radially expand a portim of die tubular meniber to tfiereby 
fonn a recess 620 in the tubular meniber. As will be recognized by persons having 
ordinary skill in the art, a roller expansion device typically utilizes one or mxm 
rollers diat, tfirougih rotation of die device, apply a nulial foice to die interior 
surfiicesofa tubular meniber. The roller e^qiansion device 615 may include 
eccentric rollers such as, for example, as disclosed in U.S. Pal Nos. 5,014,779 and 
5,083,608, die disclosures of vMiAi are incorporated hmm by reference. 

Referring to Figs. 6d and 6e, the rollo* oqiansion device 615 may then be 
removed and die shoe 605 drilled out using a conventional drilling device. 
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Referring to Fig. 6f, an additional tubular member 625 may tiien be 
plastically deformed and radially expmied in a convoitional manner and/or by 
using one or more of the methods and apparatus desoibed above in Older to form 
mono-diameter wellbare casing. Befiore. during or after the radial expansion of tbe 
tubular member 625, an annuhn* body 630 of a fluidic sealing material may be 
fonned around the tubular member in a conventional manner and/or by using one or 
more of tfie methods and qiparatus described above. 

Altemativdy. tihe roller expansion device 615 may be coupled to the bottom 
of an e]q>ansi(m cone in wder to permit the over-expansion process to be pofoimed 
during the radial expmam process in^lemented using fte expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 1 5. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 1 5 may be coi^led to ttie iqjper 
portion of flie wellbore 10 using any number of conventional metfiods. In a 
preferred arrangement, the wellbmv casing 1 5 is coupled to the upper portion of the 
wellbore 10 using one or more of the methods and iqiparatus disclosed in one or 
mmeofthe earlier mentioned cross-referenced applicatioas, the disclosures of 
which are incorporated herein by reference. More generally, flie preexisting 
wellbore casing 15 may be coupled to another preexisting wellbore casing and/or 
may include one or more ancentrically positioned tubular meniben. 

Refening to Fig. 7b, an q)perBtus 700 for radially expanding a tubular 
membermayOen be positioned within the wellbore 10. The apparatus 700 includes 
a tabular support meniba- 705 defining a passage 710 for conveying fhndic 
materials. An expansion cone 715 defining a passage 720 and having an outer 
conical sur&ce 725 forndiallye}qNmding tubular members is coupled to an end of 
die tubular support membo- 70S. 

An eiqnnsioo cone laundier 735 is movably coiqiled to and siq>poTted by die 
expansion cone 715. The e}^>ansion cone launcher 735 includes an upper portion 
735a having an vppet outer diameter, an intermediate portion 735b that mates with 
tf»e expansion cone 715, and a lower portion 735c having a lower out^ diameter. 
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The lower outer diameter is greater than the upper outer diameter. The expansion 
cone launcher 73S finther includes a recessed portion 73Sd having an outer diameter 
that is less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to flie lower portion 
5 of the expansion cone launcher 735. The valveable passage 745 may be controllably 
closed in mder to fluidicly isolate a region 750 below Ae expansion cone 7 1 S and 
bounded by Ae lower portion 735c of die expansion cone launcher 735 and ttie shoe 
740 fixnn the region outside of Ifae apparatus 700. 

An expandable tubular member 755 is coupled to llie upper portion 73Sa of 
10 the expansion cone launcher 735. One or more sealing members 760a and 760b 
may be coupled to tiie exterior of the upper portion of fhe expandable tubular 
member 755. The sealing members 760a and 760b may include elastonNdc 
elements and/or metallic elements and/w conq>osite elements. Alternatively, one or 
more anchoring elements may substituted for, or used in addition to, die sealing 
1 5 members 760a and 760b. 

In a preferred arrangement, tiie siq>port member 705, the expansion cone 
715, the expansion cone launcher 735, die shoe 740, and the expandable tubular 
member 755 are provided substantially as disclosed in me or more of the earlier 
mentioned cross-referenced qiplicaticms, the disclosures of which are incorporated 
20 hminbyreferrace. 

As ilhistrated in Fig. 7b, during placement of die apparatus 700 widiin die 
wellbore 1 0, fluidic materials 765 widun fbB wellbore 1 0 are conveyed throng die 
apparatus 700 through die passages 710, 720 and 745 to a location above die 
qjparatus 700. In this nianner, surge pressures during placement of d^ apparatus 
25 700 widun die wellbore 10 are reduced. The qiparatus 700 is initially positioned 
widiin die wellbore 1 0 such tiiat tbe top portion of die tubular member 75 5 ov^laps 
widi die pie^stmg casmg 15. In this manner, die upper portion of die expandable 
tubular member 755 may be radially expanded into contact witfi and coupled to die 
preexisting casing IS. As will be recognized by persons having ordinary skill in ttie 
30 art, die precise initial position of die expandable tubular member 755 will vary as a 
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function of the amount of radial e}q>ansion, the amount of axial shrinkage during 
radial expansion, and the material properties of the otpasdable tubular member. 

As illustrated in Fig. 7c a fluidic material 770 may dien be injected thrau^ 
the apparatus 700 through the passagm 710, 720, and 745 in aider to test the proper 
qpeiation of tiiese passages. 

As ilhistnted in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected duough the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
harrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealmg material may include, for exanqjle, a cemrait 
mixture. Alternatively, the injection of the hardenable fluidic sealing material 775 
may be omitted. In several alternative arrangements, die hardoiable fluidic sealing 
material 775 is conqnvssible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-haidenable fluidic material 780 may Uvea be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or 
other similar device, may thm be injected widi the fluidic material 780 to diereby 
seal off die passage 745. In flus manner, die region 750 may be pressurized by die 
continued injection of die fluidic material 780 into die apparatus 700. 

As illustrated hi Figs. 7f and 7g. the continued injection of die fluidic 
material 780 into die apparatus 700 causes die «q)ansion cone hnmcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
off of die expansion cone 715. The resulting structure indudes a lip 790. 

Afler completmg die plastic definmation and radial expansion of die tubular 
member 755, die hardenable fluidic sealing material is allowed to cure to diereby 
ftnn an annular body 795 that provides a barrier to fluid flow into or out of die 
weObore 10. 

Referring to Fig. Th, die shoe 740 may tfien removed by drilling out die Aoo 
using a convoitional drilling device. A new section of die wellbm 10 may also be 
drilled out in ordo- to permit aiMitional ejqpandable tubular members to be coiqiled 
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to tfie bottom portion of the plastically deformed and radially expanded tubular 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conyational manner and/or by 
using one or more of the methods and qjparatus described above in order to form a 
mono-diameter wellbwe casing. Before, during or after the radial expansion of die 
tubular meniber 800, an annular bod^ 805 of a fluidic sealing material may be 
formed around ttie tubular member in a oonveiitional manna* and/or by using one or 
more of the methods and apparatus described above. The lip 790 fedlitates the 
coupling of the tubular meniber 800 to the tubular member 755 by providing a 
region on which fhe tubular member 800 may be easdly coupled onto. 

Referring to Fig. 8a, in an altemative arrangemoit, a wellbore 10 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 
includes sealing members 905a and 905b and a recess 910. An annular body 9 15 of 
a fluidic sealing material may also be provided around the casing 900. The casing 
900 and annular body 915 may be provided using any numbar of conventional 
methods, die methods described above, and/or using one or more of the earlier 
mentioned cross-referenced applications, the disclosures of which are incorporated 
herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular 
nieinber is dien positioned widiin die wellbore 10 diat includes a ti^ 
member 1005 that defines a passage 1010 for conveying fluidic "^Mfriab A 
hydraulic locking device 101 5 dutt defines a passage 1020 for conveying fluidic 
materials diat is ihndicly coupled to die passage 1010. The locking device 1015 
ftzdier includes inlet passages, 1020a and lQ20b, actuating chambers, lQ25a and 
lQ25b, and locking members, 1030a and 1030b. During operation, die injection of 
fluidic materials into die actuating chambers, lQ25a and 1025b, causes die locking 
members, 1030a and 1030b, to be displaced outwardly in the radial direction. In this 
manner, die locking device 1015 may be controllably coupled to a tubular member 
to thereby maintain the tubular member in a substantially stationary position. As 
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will be recognized by posons having ordinary skill in the art, the operating 
pressures and physical shape of die inlet passages 1020, actuating chambers 1Q2S, 
and locking members 1030 will detmnine the maximum amount of holding force 
provided by the lockmg device 1015. Ahematively, fluidic materials may be 
injected into die locking device 1015 using a dedicated fluid passage in order to 
provide precise control oftfie locking device, bi several altonative arrangements, 
die locking device 1015 may be omitted and the tubular siqiport member 1 005 
coupled directly to the tubular support meniber 1035. 

One md of a tubular support member 1035 diat defines a passage 1040 is 
coupled to die locking device 1015. The passage 1040 is fluididy coupled to the 
passage 1020. An expansion cone 1045 diat defines a passage 1050 and includes an 
outer conical surface 1055 is coupled to another end of the tubular siq>port member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by 
die expansion cone 1045. The expansion cone launcher 1060 includes an upper 
portion 1060a having an uppw outside diameter, an intermediate portion 1060b that 
mates widi the expansion cone 1045, and a lov^er portion 1060c having a lower 
outside diameter. The lower outside diameter is greater than the upper outside 
diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to die lower 
portion 1060c of the expansion cone launcho* 1060. in this manner, a region 1075 
below die expansion cone 1045 and bounded by die expansion cone laimcher 1060 
and die shoe 1065 may be pressurized and fluididy isolated fiomthe annular region 
between the apparatus 1000 aikl die wellbore 10. 

An expandable tubular meraber 1080 is cmipled to die iq)per portion of die 
oqiansicm cone launcher 1060. In sevwal alternative arrangements, one or more 
sealing members are coupled to the exterior of the upper portim of die expandable 
tubular member 1080. The sealing niaid>ers may include elastomeric elements 
and/or metallic elements and/or composite elements. Alternatively, one or more 
anchoring elements may substituted for, or used in addition to, the sealing members. 
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An expansion cone 1085 defining a passage 1090 for receiving the tubular 
support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 1 OS for receiving the tubular suppmt member 
1005 is cotq>Ied to the bottom of the expansion cone 1085 for 8iq>portnig and 
actuating tte expansion cone. 

hi a prefened arrangement, the support members 1005 and 1035, flie 
expansion cme 1045. the expansion cone launcher 1060, tiie shoe 1065, and die 
expandable tububr member 1080 are inovided substantially as disclosed m one or 
more ofthe earlier mentioned cross-referenced triplications, die disclosures of 
which are hicorporated herein by reference. 

As illustrated in Fig. 8b, during placement of ttie apparatus 1000 widiin the 
wellbore 10, fluidic materials 1 1 10 within the wellbore 10 are conveyed through the 
apparatus 1000 dvough die pa^ges 1010, 1020, 1040 and 1070 to a location above 
the aiqraratus 1000. hi this manner, surge pressures during placement of the 
apparatus 1000 within tiie wellbore 10 are reduced. The apparatus 1000 is initially 
positioned within die wellbore 10 such that die top portion of die tubular memba 
1080 overlaps with the recess 910 of die preexisting casing 900. In diis manner, die 
upper portion of the e^qrandable tubular member 1080 may be radially expanded into 
contact widi and coiq>lcd to die recess 910 of die preexistmg casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may dien be injected dirough 
die apparatus 1000 duroug^ die passages 101 0, 1020, 1040, and 1070 in order to test 
die propCT operation of dwse passages. 

As ilhistrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may dien 
be mjected dnrou^ dw apparatus 1000 dnough die passages 1010, 1020, 1040, and 
1070 into dwannuhis between die apparatus and die wellbore 10. In tiiis manner, an 
annular barrier to fluid ndgnrtion into and out of dw wellbore 1 0 may be formed 
around dw radially ejqianded ejqiansion cone launcher 1060 ai^ expandable tubular 
noeniber 1080. The hardmable fluidic seaUng material may mclude, for exanple, a 
cement mixture. Ahematively, dw iiyection of die hardenable fluidic sealing 
material 1 120 m^ be omitted. In several alternative arrangements, die hardenable 
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fluidic sealing material 1 120 is compressible, before, during and/or after, the curing 
process. 

As illustrated in Fig. 8e, a non-hardenaUe fluidic material 11 25 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other shmlar device, may then be injected wiflj the fluidic material 
1125 to thereby seal offthe passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of Ae fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers. 1025a and 1025b. of the 
locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As iUustrated m Fig. 8f, the expansion cone 1085 may then be actuated in the 
downwmd direction by a direct application of axial force using the support member 
1100 and/or through the application of fluid force. The axial displacement of die 
expansion cone 1085 may plastically defoim and radially expand the i^per portion 
of the expandable tubular member 1080. In diis manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to die recess 910 of die 
preexisting casing 900. 

During the downward actuatioi of the eiqiansion cone 1085, die locking 
member 1015 preferably prevents axial dispbu:ement of the tubular member 1080. 
The locking member 1015 is positioned proximate the upper portion of die tubular 

neniber 1080 in order to prevent buckling of die tubular member 1080 during die 
radial expansion of die upper portion of die tububr member. In an alternative 

arrangement, die locking member 1015 is omitted and die inteiftrence between 
mtennediate portion 1060b of die expansion cone launcher 1060 and die expansion 
cone 1045 prevents die axial displacement of die tubular member 1080 during die 
radial expansion of die iqiper portion of die tubular m«nber. 

As illustrated in Fig. 8g, die expansion cone 1085 and 1 100 may dien be 
raised out of die wellbore 10. 

As illusbated in Fig. 8h, die continued injection of die fluidic material 1 125 
into die apparatus 1000 may dien cause die expansion cone launcher 1060 and die 
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expandable tubular member 1080 to be plastically deformed and radially expanded 
off of the expansion cone 104S. In this manner, the expansion cone 1045 is 
displaced relative to Ae expansion cone launcher 1060 and expandable tubular 
member 1080 in the axial direction. The axial forces mated during the radial 
5 expansion jrooess are greater than the axial forces goierated by the loddng device 
lOlS. As wiU be recognized by persons having ordinary skill in the art. the prec^ 
relationdiip between these axial forces wfll vary as a ftnctim of the operating 
characteristics of flie locking device 1015 and tfie metallurgical properties of tiie 
expansion cone hnmcher 1060 and expandable tubular 1080. In an alternative 
10 arrangement, the operating pressures of the actuating diambers. 102Sa and 1025b, 
and tfie rpgion 1075 are separately controllable by providing sq>arate and dedicated 
fluid passages for pressurizmg each. 

As illustrated in Fig. 8i, after conqsleting the plastic deformation and radial 
eTqwnsion of the tubular member 1080, the hardenable fluidic sealing material is 
15 allowed to cure to thereby form an annular body 1 130 that provides a barrier to fluid 
flow into or out of the wellbore 1 0. The shoe 1065 may then removed by drilling 
out the shoe using a conventional drilUng device. A new section of the weUbore 10 
may also be drilled out in order to permit additional expandable tubular members to 
be coiq)led to the bottom portion of the plastically deformed and radially expanded 
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' * 20 tubular member 1080. 



The annular body 1130 may be omitted Alternatively, the annular body 
1 130 nmy be radially compressed befhre, during and/or alter c^ 

Referring to Fig. 8j , the tubular member 1 080 may be radially expanded 
agam using one or inore of tfie niethods desmbed above to immde m 
25 diameter wellbore casing. 

Refierring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a lower preexistmg casing 1210. The casings, 1205 and 1210, may further 
include outer amular layers of fluidic sealmg materiab such as, for exan^le, 
cement The ends of the casmgs, 1205 and 1210, are separated by a gap 1215. 
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RefeiTing to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred anrangemcnt, fte tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plasticaUy deforming and rediaUy expanding the 
tubular member 1220 using one or more of the methods and apparatus described and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubularmember 1220. In a preferred arrangement, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. Alternatively, the radial expansion device 1225 may be any number 
of conventional radial expansion devices such as, fer example, expansion cones 
actuated by hydraulic and/or direct axial force, roller expansion devices, and/or 
e^^sndable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 
removal of the radial expansion device 1225, the inside diameters of the casmgs, 
1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1220. In tiiis n^mier. a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
andaninnertubularmemberl310. hi a prefenedafraqgenient, the tubular 
members, 1305 and 1310, are plastically deformed and radially expanded usmg one 
or more ofOe methods and apparatus described and referenced above. In this 

manner, a wellbore casing niay be provided whose burst and coUqise strangth may 
be precisely controlled by vaiying the number, thickness, and/or material properties 
offtetubutar members, 1305 and 1310. 

Refeiring to Fig. 1 la, a wellbore 1400 mdudes a casing 1405 that is coupled 
to apreexisting casing I4ia One or more sealing roenoberB 1415 are coupled to the 
exterior of die upper portion of the tubular member 1405 in order to optimally seal 

the rnlerfece between the tubuhr member 1405 and the preexisting casing 1410. In 
a fnefencd anangement, tfie tubular member 1405 is plastically deformed and 
radially expanded using conventional methods and/or one or more of the meAods 
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and apparatus described and referenced above. The outside diameter of the tubular 
member 1405 prior to the radial ncpansion process is ODj), the wall fliickness of the 
tubular membCT 1405 prior to die radial expansion process is to, tiie outside diameter 
of the tubular member following the radial expansion process is OD,, and Ae wall 
thickness of the tubular meinber Mowing the radial expansion process is t,. 

Referring to Fig. 1 lb, a tubidar membex 1420 may dien be coq)led to the 
lowar portion of ttie tubular member 1405 by plastically defonning and radially 
expanding the tubular member 1420 using conventional methods and/or one or more 
ofthemettiods and qiparatus described and referenced above, hiaprefened 
arrangement, flie extoior sur&ce of Oie upper portion of the tubular member 1420 
includes one or more sealing members for sealing the interftce between the tubular 
member 1420 and ttie tubular member 1405. 

Refbrriqg to Fig. 1 Ic, lower portion of the tubular member 1405 and the 
tubular mervber 1420 may be radiaUy expanded agam to provide a mono-diameter 
wellbore casing. The additional radial expansion may be provided using 
conventional methods and/or one or more of the methods and apparatus described 
and referenced above. In one arrangement, the outside diameter and wall thickness 
of the lower pmtion of die tubular member 1405 after the additional radial 
esqunsion process are ODj andtj. 

The radial expansion process of Figs, llb-llc can tiien be repeated to 
ixovide a mono-diameter wdlbore casing of virtually unlimited lengdL 

AJtematively. dw ordering of die radial expansions of die tubular menibeiv, 
1405 and 1420, may be changed. For example, the first tubular member 1405 may 
be phtttically deformed and radially eiqNnided to provide a lower portion having die 
outside diameter ODj and die remaimng portion having die outside diameter OD,. 
The tubular member 1420 may dien be photically deformed and radially expanded 
one or more tunes until die inside diameters ofdietiAular members, 140S and 1420, 
are substantially equal. The pbstie deformations and radial e^qiansions of die 
tubular members, 1405 and 1420, may be inovided usmg conventional mediods 
and/or one or more of the mediods and qiparatus described and refermced above. 
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The total expansion strain B of the tubular member 1405 may be expressed 
by the following equation: 

^=(oA-OA)/OA (1) 

where OI^- original outside diameten 

ODi = outside diameter after 1" radial expansion; and 

OD2 = outside diameter after radial expansion. 

Furthermore, where: (1) die exterior surface of the vippet portion of the 

tubular member 1420 mcludes sealing members, and (2) the radial spacmg between 

the tubular member 1405 and the wellbore 1400 prior to Ae first radial expansion is 

equal lo d, the outside diameters, OD, and OD2, of die tubular member 1405 

following die first and second radial expansions may be repressed as: 

OD, = OZ>o + + 2/, (2) 
op, = QD, + 2J?+2/a (3) 

where ODo = the original outside diameter of the tubular mendier 
1405; 

0D| = die outside diameter of the tubular nmnber 1405 

following die first radial «q>ansion; 
OD2 - die outside diameter offhe tubular member 1405 

following the second radial ejqiansioo: 
d = the radial qiaciDg between die tubular member 

1405 and die wellbore prior to die first ndial 

ejqiansion; 

tl » die wall dudmess of die tubular member 1405 
after die first radial esqwnsion; 

%i = die wan ducknessofdie tubular meniba' 1405 
after die second radial racpansion; and 

R = die diidmessofsealingmemba' provided on the 
extoior surface of die tubular member 1420. 
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Furthennore, for d approximately equal to 6.35 mm (0.25 indies) and R 
approximately equal to 2.54 mm (0.1 inches), equation (1) may be approximated as: 

(17.78mi»+ 3lo)/QC|, orE = (o.r+3.7/o)/C!D|, (4) 

5 

where to = the original wall thickness of tiw tubular 

mend)er 1405. 

The total ei^Mnaan strain of the tubular niember 1405 should be less than or 
equal to 0.3 in order to maximize the burst and collapse strength of the expandable 
10 tubular member. Therrfore, fiom equation (4) the ratio of the raiginal outside 
diameto- to the original wall diicikness (ODo/to) may be expressed as: 
OZV/o i 3.8^03- 17.78wn/QD|,) or 
(?ZV*o^3.8/(a3-a7/QC|,) (5) 

For ODo less than 0.254 x 10'^ m (10 inches), ttie optimal ratio of tte origmal 
outside diameter to the original wall thidmess (OlVto) may be expressed as: 

15 0DX>A6 (6) 

In this manner, for typical tubular members, the burst and collapse strength 
of die tubular members following one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, fbe relationships 
expressed in equations (1) through (6) are valid regardless of the aider or type of Ihe 
20 radial eaqMrnsionsoftfae tubular mranber 1405. More generally, the relationdiips 
expressed m equations (1) through (6) may be applied to the radial expansion of 
structures having a wide jmgio of profiles sudi as, for example^ triangular, 
rectangular, and oval. 
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CLAIMS 

1 . An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for plastically deforming and radiaOy expanding a first pottioa of the tubular 
member to a first outside diametw, and 

means for plastically deforanng and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plasticaUy deforming and ladially expanding the fust 
portion of the tubular member to the first outside diameter is fiangible. 

2. An apparatus for plastically deforming and radiaUy expanding a tubular 
memiba', conpismg: 

means for plastically deforming and radially expanding a first portion of the 
tubular monber to a first outside diameter, and 

means for plasticaUy deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is elastic. 

3. An ^>panitois for forming a wellboTB casing within a weIlbore,con9irising: 
means fiv siqiporting a tubular member wiOdn Ae wellborn 

means for plastically defomnng and radially expanding a first portion of die 
tubular membCT to a first outside diameter; and 

means for plasticaUy defoimtng and radiaUy expanding a second portion of the 
tubular membCT to a second outside diameter, 

wheran the means for plastically deforming and radially expandmg the first 
portion of the tubular member to the first outside diameter is frangible. 

4. An apparatus for foimmg a wellbore casing within a wellbore. comprising: 
means for supporting a tubular membCT wittiin die wellbore; 
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means for plastically deforming and radially expanding a first portion of the 
tubular membor to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of fhe 
tubular member to a second outside diameter; 

wherein die means for plastically deforming and radially e)q>anding the first 
portion of die tubular membor to the first outside diameter is elastic. 
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